The cytogenetics of the ornamented pygmy frog (Microhyla fissipes), painted chorus frog (M. pulchra) and narrow-mouthed frog (M. heymonsi) were studied in the aspect of chromosome numbers, morphology and nucleolus organizer region (NOR) locations. For this present study, we provided the karyotype and idiogram of these three species by conventional and Ag-NOR staining techniques. The 10 male and female samples of those three species were collected in Northeast Thailand. The metaphase chromosome preparations were prepared from the bone marrows by the standard protocol. To stain the chromosomes, 10% Giemsa s and 50% silver nitrate were applied. The results showed that all three species had the same diploid chromosome number of 2n=24, and fundamental numbers (NF) were 48 in both males and females. The chromosomes of M. fissipes were comprised of 16m+6sm+XY (X and Y were metacentric chromosomes). M. pulchra had chromosomes consisting of 12m+12sm and M. heymonsi had chromosomes comprising of 18m+6 with no obvious difference in size of sex chromosomes for the two species. M. fissipes and M. pulchra had the same NORs adjacent to the subcentromeric on the long arm of chromosome pair 9, while M. heymonsi had the NOR location on the short arm of chromosome pair 2 close to the centromere. For this case, we suggested that chromosome morphology and the NOR location is still a useful cytological character for taxonomic and evolutionary studies.
Microhylidae is a large anuran family comprising 8% of all frogs (519 species). Members of Microhyla show a wide distribution across Asia from the Ryukyu Archipelago in Japan and China to the north, through India to Sri Lanka to the southwest, and through Southeast Asia to Sumatra, Borneo, Java, and Bali to the southeast (Hasan et al. 2014) . The ornamented pygmy frog (Microhyla fessipes), painted chorus frog (M. pulchra) and narrow-mouthed frog (M. hermonsi) (Fig. 1) are species of pygmy frogs that can be found in Northeastern India, Southern China, and Southeast Asia south to at least Thailand but possibly as far south as Malaysia and Singapore. It is a common species in this suitable habitat, but it is not often seen because it is cryptic and seasonal. It typically occurs near forest edges.
For the family Microhylidae, there were some cytoge-netical studies reported about Microhyla. Perhaps due to its body being very small, there is a lack of cytogenetics data compared with other members of the anuran family. According to the compilation of cytogenetics for this genus, the majority of the species had a diploid number of 2n=24 and had a fundamental number (NF) of 48 (Zheng and Fuwu 1995 , Qian and Zhu 2000 , Supaprom and Baimai 2002 , Joshy and Kuramoto 2011 . However, some species such as M. butleri showed the diploid number 2n=22 (NF= 44) (Baorong et al. 1990, Zheng 
Materials and methods
Ten males and females of M. fissipes, M. pulchra and M. heymonsi were collected in Northeast Thailand (Fig.  1) . The chromosomes were prepared in vivo (Schmid 1978) with slight adaptations as follows. The colchicine was injected into the frogs abdominal cavity. Then, the frogs were left in a box for eight hours and then killed. The bone marrow was collected by cutting the head and the end of femurs and tibias, and then a syringe was used to inject 0.075 M KCl into the marrow to drive out the bone marrow tissue or cells into the plate. We gently cut the tissue to pieces as small as possible. We transferred 8 mL of cell sediments to a centrifuge tube and incubated it for 30 min at 37 C. After centrifugation at 1500 rpm for 8 min, the KCl was discarded. Cells were fixed in fresh cool fixative up to 8 mL by gradually adding it before being centrifuged again at 1500 rpm for 8 min. The fixation was repeated until the supernatant was clear, usually three times. Finally, the pellet was mixed with 1 mL fixative (depending on the amount of cell). The mixture was dropped onto a clean slide and air-dried.
Conventional staining was done using 10% Giemsa s solution for 10 min (Chooseangjaew et al. 2017) . Ag-NOR banding was performed (Howell and Black 1980) by applying two drops of 2% gelatin on the slides, followed with four drops of 50% silver nitrate. The slides were then covered with a cover slip and incubated at 60 C for 5 min or until the slide changed brownish. After that the slides were dipped in distilled water to remove the cover glass and air-dried on the slide.
Twenty clearly well spread chromosomes of each male and female were photographed. The length of the short arm chromosome (Ls) and the long arm chromosome (Ll) were measured and the length of the total arm chromosome (LT, LT=Ls+Ll) was calculated. The relative length (RL), the centromeric index (CI), and standard deviation (SD) of RL and CI were estimated (Chaiyasut 1989 ). The CI (q/p+q) between 0.50-0.59, 0.60-0.69, 0.70-0.89, and 0.90-0.99 were described as metacentric, submetacentric, acrocentric and telocentric chromosomes, respectively (Chooseangjaew et al. 2017 ). All data were used in karyotyping and idiograming.
Results and discussion
The diploid chromosome number in the Microhyla species varies between 22-26 chromosomes. M. fissipes, M. pulchra and M. heymosi herein showed the same diploid number and fundamental number having 2n=24 (NF= 48). These results are in concordance with previous cytogenetics data (Zheng and Fuwu 1995 , Qian and Zhu 2000 , Supaprom and Baimai 2002 , Joshy and Kuramoto 2011 , with the exception of M. butleri which had 2n=22 (NF= 44) (Baorong et al. 1990 , Zheng and Fuwu 1995 , Supaprom and Baimai 2002 and M. rubra which had increased 2n=26 chromosomes (NF=52) (Kasturi Bai 1956) , the latter of which is similar to the Phyllomedusa species exhibiting a conservative chromosome number of 2n=26 (Haddad et al. 1994 , Morando and Hernando 1997 , Kasahara et al. 2007 , Bruschi et al. 2012 .
The karyotype of M. fissipes showed metacentric chromosomes in pairs 1, 2, 4-5, 8-11, and submetacentric chromosomes in pairs 3, 6-7 and X, Y metacentric chromosomes (Fig. 2a, b) . The karyotype of M. pulchra was composed of metacentric chromosomes in pairs 1, 2, 5-7, 12 and submetacentric chromosomes in pairs 3, 4, 8-11 (Fig. 3a, b) . Meanwhile, M. heymonsi showed metacentric chromosomes in pairs 1-2, 5-11 and submetacentric chromosomes in pairs 3-4, 12 and no obvious difference in size of sex chromosomes were found (Fig. 4a, b) . The type and number of chromosomes of M. pulchra herein coincide with those previously reported (Supaprom and Baimai 2002 Fig. 5a-c. For the sex chromosome, this is the first report for M. fissipes. Cytological evidence that was supportive of male heterogamety (XX/XY sex chromosome) has been published by Iturra and Veloso (1981) (Cuevas and Formas 1996) , R. tagoi and R. sakuraii from Tokyo (Ryuzaki et al. 1999) . Additionally, the XX/XY sex chromosome system was found in the genus Bufo (Siripiyasing et al. 2008) and also in rice frogs, Fejervarya limnocharis (Patawang et al. 2014) . The existence of the highly differentiated XX/XY sex chromosome has been reported in Gastrotheca riobambae by Schmid et al. (1983) , in G. ovifera and G. walkeri by Schmid et al. (1988) , in G. pseustes by Schmid et al. (1990) , and in Eleutherodactylus maussi by Schmid et al. (1992) . For this study on M. pulchra and M. heymonsi, we proposed that the X and Y sex chromosomes were the same in size. The previous study on R. esculenta (Schempp and Schmid 1981) exhibited that the Y chromosome had no size difference with X but differed by possessing a small extremely late replicating region in the middle region of the long arm, while in the females, both X chromosomes replicated synchronously. M. fissipes and M. pulchra showed the same location of the nucleolar organizer regions (NORs) on the long arm of chromosome pair 9 metacentric and submetacentric chromosome, respectively (Figs. 2c, d, 3c,  d) , as the idiogram also shows in Fig. 6a, b . This result was according to the cytogenetics data reported on M. pulchra by Supaprom and Baimai (2002) . Meanwhile, M. heymonsi exhibited the NORs on the short arm of chromosome pair 2 (Fig. 4c, d) ; the idiograms are shown in Fig. 6c . These three Microhyla species herein have chromosomes with slight differences in morphological patterns. The use of additional NOR-banding techniques also showed some differences in their karyotypes, supporting the idea that one of them (M. heymonsi) are species-specific. Moreover, there were other Microhyla species reported; M. ornata showed the NORs on chromosome pair 11 (Joshy and Kuramoto 2011) , and M. butleri had the NORs on chromosome pair 8 (Zheng and Fuwu 1995) . The difference of the NOR position in homologous chromosomes at interspecific levels is not infrequent and this may be important to characterize individual species with the same karyotypes (Silva et al. 2000) . We suggested that chromosome morphology and the NOR location are still useful cytological characters for taxonomic and evolutionary studies in the anurans.
